As a consequence of their structural complexity, the electron transport properties of Al-based complex metallic alloys scale as simple power laws of the number of atoms in the primitive unit cell. Furthermore, presence in energy space of localised, d-like states below the Fermi level is systematically observed, even in the absence of any transition metal constituting element. The relative intensity of this contribution to the total density of states correlates with the structural complexity of the compound. Thus, complexity plays a key role, via HumeRothery, hybridization eects and most probably hopping, in the selection, formation and stability of Al-based complex metallic alloys.
Introduction
In spite of years of eort dedicated to complex metallic alloys (CMAs) [1] , the reason why quasicrystals form in a metallic alloy system of appropriate stoichiometry has so far found no satisfactory answer. Interaction between the Fermi surface and the Jones zone (FsJz for short) was pointed out to explain the stability of the lattice owing to an interference condition [2] that is satised when the wavelength of nearly free electrons matches the distances formed between close packed atomic planes. Yet, this condition is obeyed as well in crystalline compounds of nearby composition in the phase diagram and therefore it does not allow to understand why nature allows quasicrystals to grow instead of more and more complex crystals.
Furthermore, chemical bonding between species contributes as well to stabilize the lattice structure since it participates in the formation of the pseudogap [3] . A systematic investigation over the years, using soft X-ray emission spectroscopy (SXES for short) has led to a quantitative analysis of the partial densities of 3p and 3s, d states at the aluminium edge and 3d states at the transition metal edge [4] . Hybridization between 3p and d states is manifest. The question then arises to understand to which extent d-states present within the energy range that overlaps the Fermi level may contribute as well to the stability of the lattice. If the answer is positive, how and to which extent does the symmetry of d-states enter the selection mechanism of a specic lattice and determine its overall symmetry?
The paper is organized in an attempt to bring preliminary answers to those questions and trigger further theoretical research. * corresponding author; e-mail: jean-marie.dubois@univ-lorraine.fr
Samples and complexity of CMAs
Several samples, all based on aluminium or magnesium, were used in the present study. The way they were grown from raw constituents is described elsewhere [5] .
Symbols that refer to the samples used in the present study (except for Al-Mg and Al-Mg-Zn alloys) are given in the inset of Fig. 1 . They are referred to using standard notations from literature [6, 7] .
It is dicult to rationalize what we call complexity of a CMA compound. In this article, we rely on a very straightforward method and dene complexity using one single number called hereafter the complexity index β C = ln N u.c. , (1) where N u.c. is the number of atoms found in the primitive unit cell of the compound without distinguishing chemical species. Accordingly, β C is very close to the Shannon entropy requested to build up a single constituent crystal of identical lattice. With such a crude denition of complexity, it is clear that all details introduced by the specic chemistry of each alloy will be smeared out.
The size of the unit cell of a quasicrystal is said innite.
Yet, in order to avoid handling innities, we may notice that the size of a sample is never innite. Assuming a quantity of 1 at. g, or 6.022×10 23 atoms, in the volume of a single grain sample, one has β C of the order of 55, which is far from being innite. Alternatively, β C depends on the grain size in multi-grained quasiperiodic materials.
The experimental data we will deal with in the following sections are conductivity measurements [811] and SXES analysis of the partial densities of states (DOS for short) in AlMg(Zn) specimens [12] . Using the SXES technique, we will be able to separate the 3s, d and 3p contributions to the total DOS when measuring the emission spectra at the edges of Al and Mg, respectively. Hence, electron transport depends on lattice complexity index according to a very simple power law
except for the most complex CMAs, which fall aside the plot, at the highest values of β C . This of course raises the question to know whether the present denition of the lattice complexity is optimum, but we shall leave this question aside since it will not aect our conclusions.
Many phenomena in nature show the same type of power law dependence. Such phenomena were studied in detail by Bak [13] who concentrated more specically on the model given by a sand pile that reaches its equilibrium shape by producing avalanches of varying size on its slopes. He showed that the number of sand grains contained in an avalanche of a certain size is inversely proportional to its frequency of occurrence. The ensemble of phenomena ruled by a relationship like Eq. (2) was coined self-organised criticality (SOC for short) [14] .
Propagation of electrons in a CMA can be approximated as an avalanche only on a macroscopic level. Yet, the shape of the plot presented in Fig. 1 clearly indicates that electron localisation is far more important in quasicrystals than in any periodic CMA known so far, a conclusion that was reached already long ago [15] . It is also known that electronic conductivity is a function of the DOS at the Fermi energy E F , the type of function being representative of the transport mechanism. We expect simple proportionality in the ballistic, or Einstein type of conduction whereas hopping (which is a thermally activated process) leads to a quadratic dependence on the A complexity gap separates periodic CMAs from aperiodic ones, which is easily pointed out in the middle of To overcome this diculty, we shall study alloys that contain no transition metal, but only normal metals.
A good choice is the AlMg system, which contains the Samson β-Al 3 Mg 2 phase with 1178 atoms per cubic unit cell (lattice parameter a = 2.8242 nm) and its low temperature rhombohedral version (879 atoms) [19] .
Both species, Al and Mg, crystallize in the most simple way for a metal: Al is fcc (4 at./u.c.) and Mg is hcp (2 at./u.c.).
They exhibit virtually zero d-states
at the Fermi level [20] . For comparison purposes, we shall also study other phases from the AlMg system, Such a narrow peak characterizes localized states and is very similar to the peak found in the vicinity of E F for the d-band in TM-containing CMAs [17] . Therefore, we shall refer to it as a peak due to d-like states. A key conclusion of these works is that the ratio between characteristic wavelengths must be taken in the vicinity of an irrational number, which stresses how sensitive to small variations of this ratio the system is [22, 23] . We are therefore inclined to look upon a similar mechanism in CMAs that will produce competing interactions whose ne-tuning will eventually dierentiate between crystals with a long period and quasicrystalline order.
Mizutani studied in numerical simulations the contri- This phenomenon, which is unique to CMAs [24] , induces a splitting between bonding states that are pushed towards higher binding energies, and antibonding states that are repelled above the Fermi energy. It has a spatial symmetry, expressed by the reciprocal lattice vector(s) that dene the FsJz interaction(s).
So now, why are the atoms where they are? At this stage, we may only speculate a scenario to explain the selection of the quasicrystal above the 9 < β C < 40 for- 
